To further delineate indications for noninvasive pressure major hypoxemia is a better indication for NIPSV than support ventilation (NIPSV), we proposed this noninvasive severe hypoxemia alone. Acute respiratory failure occurtechnique as an alternative to endotracheal intubation in ring after extubation seemed to be a good indication for 17 consecutive patients with acute respiratory failure from NIPSV, with an 83 percent rate of success. In both groups various causes. Eight patients (47 percent) were successfully of patients, gas exchange improved after 1 h on NIPSV, but ventilated with NIPSV, while in 9 (53 percent), NIPSV such values were not improved on the first day in patients failed. Gas exchange values before initiating NIPSV were who failed with NIPSV. are frequently required in patients with acute respiratory failure (ARF) to improve gas exchange and reduce the work of breathing.' Both endotracheal intubation and mechanical ventilation can lead to major complications such as nosocomial p n e u m~n i a ,~ b a r~t r a u m a ,~ or tracheal i n j~r y .~ To reduce morbidity associated with endotracheal intubation, noninvasive ventilation has been proposed in patients with chronic respiratory failure" or ARF from neuromuscular disease.7 More recently, noninvasive pressure support ventilation (NIPSV) has been proposed in patients with ARF from exacerbation of COPIYg and in a few cases of ARF from other cause^.^" These later reports suggested that patients with ARF from various causes may be ventilated with NIPS\! To further delineate indications for NIPSV and to confirm the usefulness of this noninvasive technique, NIPSV was proposed as an alternative to endotracheal intubation in 17 consecutive patients presentingwith ARF from various causes.
-ARF = acute respiratory failure; IPS = inspiratory pressure support; NLPSV=noninvasive pressure support ventilation; RR = respiratory rate; SAPS = simplified acute physiologic score E ndotracheal intubation and mechanical ventilation are frequently required in patients with acute respiratory failure (ARF) to improve gas exchange and reduce the work of breathing.' Both endotracheal intubation and mechanical ventilation can lead to major complications such as nosocomial p n e u m~n i a ,~ b a r~t r a u m a ,~ or tracheal i n j~r y .~ To reduce morbidity associated with endotracheal intubation, noninvasive ventilation has been proposed in patients with chronic respiratory failure" or ARF from neuromuscular disease. 7 More recently, noninvasive pressure support ventilation (NIPSV) has been proposed in patients with ARF from exacerbation of COPIYg and in a few cases of ARF from other cause^.^" These later reports suggested that patients with ARF from various causes may be ventilated with NIPS\! To further delineate indications for NIPSV and to confirm the usefulness of this noninvasive technique, NIPSV was proposed as an alternative to endotracheal intubation in 17 consecutive patients presentingwith ARF from various causes.
All patients admitted to the ICU who experienced respiratory distress were candidates for NIPSV. Patients were selected to be ventilated with NIPSV when they seemed to clinically require endotracheal intubation and mechanical ventilation and met at least 2 of the following criteria: (I) respiration rate (RR) of 25 breaths per minute or more; (2) PaO, below 60 mm Hg while breathing room air or below 80 mm Hg with additional oxygen; (3) PaCO, of 50 mm Hg or more; and (4) arterial pH of 7.38 or less. Patients were excluded when ARF was associated with (1) neurologic disease; (2) failure of more than 2 organs;12 (3) otolaryngologic, facial, esophageal, or gastric surgery or trauma; (4) cardiac arrest; (5) asthmaticus; or (6) a surgical p r c~~d u r e requiring endotracheal intr~lxation. Because of the severih of the respiratory distress, no patient was able to give a valid informed cunsent at entry into the study. Information was given to the patient and his or her next of kin, and consent was requested as soon as possible after entry into the study.
Ifotocol of Study
To delineate indications for NIPSV and to confirm the r~sefi~lness of this noninvasive technique, NIPSV was proposed as an alternative to endotracheal intubation in 17 c~~nsecutive patients who experienced respiratory distress. Clinical status and gw exchange were compared between patients s~~ccessh~lly ventilated with NIPSV and those who failed.
When patients were likely not to have an empty stomach, a nasogastric tube was inserted to suction the stomach. The nasogitstric tube was then removed before initiating NIPSV in order to avoid leakage through the mask. Parenteral nutrition was administered during the first 48 h and until alimentation was possil)le hy the oral route. Noninvasive pressure s~~p p n r t ventilation was delivered to the patient through an anesthesia and respiratory face mask (Drager; Liibeck, Germany) with an inflatable c~~f f f o r filcial sealing. The mask was adjusted to avoid air leaks and connected to a ventilator (Puritan-Bennett 7200a) set in the inspiratory pressure support (IPS) mtde. This mode of ventilatory assistance is now widely used in ventilated patients and is designed to maintain ;I constant preset positive airway pressure during the sp,ntaneorls inspiration. The RR, tidal volume, and inspiratory time are regulated by the patient, and the inspirator) pressurr terminates when inspiratory flow drops below 5 Umin or when the airway pressure exceeds the positive pressure setting by 1.5 cm H,O." The IPS mtde was preferred to intermittent positive-pressr~re breathing lwcause previous reports demonstrated that IPS was more likely to reduce the effort of breathing under the cwndition of high inspirat~wy load than intermittent positive-pressr~re breathing." Moreover, IPS did not induce active expiratory e&)rt.ls The level of IPS was adjusted for each patient to obtain a tidal volume between 7 and 10 mVkg and a disappearance in accessory respiratory mrlscle activity evaluated at bedside by palpating the activity of the sterncwleidomastoid muscle.'"he inspired fraction of oxygen (FIoJ was adjusted to obtain a PaO, of 90 mm I1g; and for each patient Ijut one, we used a slight level of positive end-expitittory p r e s s~~r e to increase the PaOJFIo, ratio and prevent atelectasis.
Noninvasive pressure support ventilation was considered a s u e were divided into 3 zones (3 on the left and 3 on the right pulmonary cess when the patient was discharged alive from the ICU without area), and each zone was scored from 0 (no radiologic lesion) to 2 the need for endotracheal intubation and mechanical ventilation.
(dense radiologic lesion). Then the scores of the 6 zones were Noninvasive pressure support ventilation was considered as a failure summed (minimum of 0; maximum of 12). The severity of illness when the patient required endotracheal intubation during the course was assessed by the simplified acute physiologic score (SAPS).Ie of hospitalization in the ICU or when NIPSV was discontinued After baseline assessment, NlPSV was initiated, and patients before the 1-h assessment. Noninvasive pressure support ventilation were monitored for heart rate and mean arterial pressure. and those who failed with NIPSV was performed before initiating further maintained, and further evaluation was made at the discre-NIPSV (baseline assessment). at 1 h. and on dav 1 (Table 1) . Baseline tion of the patient; physician. 
RESULTS
Between March 1990 and May 1990, there were 31 consecutive patients hospitalized in our ICU who met clinical and physiologic criteria indicating the need for endotracheal intubation and mechanical ventilation. Fourteen patients were excluded from the study because of the need for a surgical procedure (n = 4), multiple organ failure (n = 3), neurologic disease (n = 4), or status asthmaticus (n = 3). The remaining 17 patients were included in the study. The characteristics, diagnosis, diagnosis related to ARF, and gas exchange data before initiating NIPSV for the 17 patients are given in Table 1 . All of these patients were considered by the attending physician in the ICU as likely to require endotracheal intubation and mechanical ventilation. Thirteen patients had no history of chronic pulmonary disease, while 4 had a previously documented history of COPD (FEV,, 624&70 ml). Four of the 8 patients hospitalized for surgical complications, and 2 patients hospitalized for drug abuse, developed ARF shortly (6+4 h) after tracheal extubation (Table 1) .
Eight of the 17 patients (47 percent) were successfully ventilated with NIPSV, while 9 (53 percent) had failed with NIPSY and 7 of those 9 (78 percent) required endotracheal intubation. The mean time from initiation of NIPSV to failure was 4 5 2 40 h, and the mean duration of NIPSV during this time was 20 + 25 h. Physiologic parameters prior to failure are given in Table 2 . Five patients were considered to have failed with NIPSV because of the absence of improvement in clinical status and gas exchange, 2 patients because of the presence of a severe encephalopathy despite NIPSY and 2 patients because ofdficulty in tolerating or fitting the face mask (Table 2 ).
There was no difference in the causes of AHF between patients successfully ventilated with NIPSV and those who failed with NIPSV (Table 1) ; however, 5 of the 6 patients (83 percent) with respiratory failure after extubation (Table 3) were successfully ventilated with NIPSV. These 5 patients previously had been mechanically ventilated for surgical complications (n = 4) or drug abuse (n = 1). The SAPS tended to be higher in patients who failed to be ventilated with NIPSV (Table 3) , and 4 of the 9 (44 percent) had a SAPS greater than 20, while this was the case in none of the patients successfully ventilated with NIPSV. There was no difference in the Glasgow score, the degree of encephalopathy, and the radiologic score between patients successfully ventilated and those who failed to be ventilated with NIPSV (Table 3 ). The levels of IPS, positive end-expiratory pressure, and -. =: .
SUCCESS FAILURE
FIo, were identical in the two groups of patients. By contrast, gas exchange parameters were significantly different between the two groups (Fig 1) After 1 h of NIPSV (Fig 2) , in both groups of patients (patients successfully ventilated and those who failed with NIPSV), gas exchange improved. In patients successfully ventilated with NIPS\! the PaCO, decreased from 57+ 15 to 50+ 14 mm Hg (p<0.05), the RR decreased from 28 k 6 to 21 k 5 breaths per minute (p<0.05), the pH increased from 7.33 t 0.09 to 7.3820.07 (p<0.1), and the PaO, increased from 73250 mm Hg to 105+52 mm Hg (p<0.05). In patients who failed to be ventilated with NIPS\! the PaO, increased from 56 2 9 to 105+ 65 mm Hg (p<0.05), the RR decreased from 38+ 13 to 32 2 12 breaths per minute (p<0.05), and the pH and PaCO, were unchanged. 0i day 1 (Fig 2) , gas exchange data were improved in patients successfully ventilated with NIPSV: the pH increased from 7.33+ 0.09 to 7.40+ 0.04 (p<0.05), the PaCO, decreased from 57 + 15 mm Hg to 46 + 12 mm Hg (p<0.05), and the PaO, increased from 73 + 50 mm Hg to 100f 49 mm Hg (p<0.05). By contrast in patients who failed to be ventilated with NIPSV and who were not endotracheally intubated on day 1 (n = 6), the PaO, was not improved.
Patients successfully ventilated with NIPSV were ventilated for a mean of4 f 2 days and were discharged from the ICU after a mean of 1 0 2 5 days, and none died. Patients who failed to be ventilated with NIPSV were discharged from the ICU after 37 2 39 days, and 4 of the 9 (44 percent) died.
Noninvasive pressure support ventilation has been recently used in patients with ARF from acute exacerbation of COPD.n,e In these patients, NIPSV improved gas exchange, obviated the need for endotracheal intubation, shortened the duration of ventilation and the stay in the ICU.8 On the other hand, Meduri and coworkersI0 reported the findings in three patients with ARF from various causes (cardiogenic pulmonary edema; adult respiratory distress syndrome from sepsis and from Pneumocystis carinii pneumonia) successfully ventilated with NIPSV or pressure control ventilation. More recently, Pennock and coworkers,~~ using a simplified ventilatory system with a nasal mask, successfully ventilated 22 of 29 patients with ARF from various causes (after cardiac surgery, 11; after surgery at other sites, 5; after myocardial infarction, 2; pneumonia or adult respiratory distress syndrome, 1; COPD, 3). This later report suggested that NIPSV could be used not only in acute exacerbations of COPD but also in various causes of ARF. To further delineate indications for NIPSV and to evaluate the role of NIPSV in patients with various causes of ARF, we hereby looked at the results of NIPSV as an alternative to endotracheal intubation in a group of 17 consecutive patients with ARF.
The first conclusion of this study is that CO, retention is a better indication of NIPSV than severe hypoxemia alone with a widened alveolo-arterial difference: the pH was lower (7.33k0.03 vs 7.45+ 0.08; p = 0.02) and the PaCO, higher (57k 15 mm Hg vs 37 2 17 mm Hg) in patients successfully ventilated with NIPSV. Moreover, 7 of the 9 patients (78 percent) with an initial PaCO, of 45 mm Hg or more were successfully ventilated with NIPSV (p<0.05). In 2 patients, CO, retention was due to acute exacerbation of COPD, but in the remaining 5 patients, CO, retention was associated with laryngeal dyspnea after extubation (n = 3), mediastinitis (n = I), and bronchitis (n= I), suggesting that respiratory failure, whatever the cause, may be an indication for NIPSV, with a 78 percent rate of success, when CO, retention is present without major hypoxemia. In addition, major hyperventilation seems to be a relative contraindication to the technique, since all of the patients with an initial PaCO, of 35 mm Hg or less were considered failures of NIPSV (p<0.02).
In this small group of heterogeneous patients, the cause of the respiratory distress did not differ between patients successfully ventilated with NIPSV and those who failed with NIPSV; however, we noted that five of the six patients with respiratory failure developing shortly after extubation were successfully ventilated with NIPSV. These 5 patients previously had been mechanically ventilated for surgical complications (n = 4) or drug abuse (n = 1). Therefore, respiratory decompensation occurring after extubation in surgical patients may constitute an important and attractive indication for this type of ventilation. These results are in agreement with a recent reporte in which NIPSV was proposed as an alternative to endotracheal intubation in 18 patients with ARF. Seven of these 18 patients developed respiratory distress shortly after extubation, and 6 of these 7 patients were suctles&lty ventilated with NIPSV In the report of Pennock and 16 of the 22 patients successfully ventilated were supported following surgery. Moreover, as suggested by a lesser severity score in patients successfully ventilated with NIPSV (11 2 4 vs 1625), this technique seems to be useful in patients with an easily reversible and noasevere ARF.
The second conclusion of this study is that after 1 h (Fig 2) . NlPSV improved gas exchange in both groups of patients (patients successhlly ventilated and those who failed with NIPSV). In patients successfully ventilated with NIPS\! the WCO, decreased from 57 i7 1 1 5 to 50 5 14 mm Hg (p<0.05), the RR decreased f m 28 5 6 to 21 i7 5 breaths per minute (p<0.05), the pH increased from 7.33 i7 0.09 to 7.38 i7 0.07 (p<O. l), and the PaO, increased from 73k50 rnm Hg to 1aTr52 mm Hg (p<O.O5). In patients who failed to be ventilated with NIPSY the PaQ, increased fmm 56 14 9 to 105 ' . 65 rnm Hg (p<0.05), the RR decreased from 38+ 13 to 32k 12 breaths per minute (pCO.OS), and the pH and PaCO, were unchanged. At this time, in three patients, endotracheal intubation had been performed because of a difficulty in tolesating the face mask in one, severe encephalopathy in another one, and deterioration in gas exchange in the last patient. Thus, gas exchange and RR after 1 h of NIPSV were unable to ~redict patients who ultimately failed with NIPSV and required endotracheal intubation; however, on day l, the pH, PaCO,, and PaO, improved in patients successfi~lly ventilated with NIPSV, but the Me was not improved in patients who failed with NIPSV (Fig 2) . This result suggests that the lack of improvement of the PaO, on day 1 was a better predictor for the need of endotracheal intubation.
Nine patients (53 percent) failed to be ventilated with NIPSV (Table 2) , and 7 of those 9 (78 percent) required endotracheal intubation. In 2 patients, inhlbatian was not performed: for 1 (patient 5), the physician had decided. in agreement with the patient and his family, not to perform endotmheal intubation; for the other (patient 41, endotracheal intubation was not performed because clinical and gas exchange improvement oceurred after 30 min of NIPSC! This patient was considered as a failure of the method because of his inability to tolerate the face mask after a short course of NIPSV; however, initial gas exchange, RR @able l), and neurologic status (encephalopathy score, 4; Clasgnw coma s m , 6) indicated the need for endotracheal intubation; after 30 rnin of NIPSV, the patient awakened, and gas exchange improved, suggesting a possible benefit of NIPSV:
Severe complications were not observed during NIPSY In some patients, skin lesions were noted. resulting in a ~atient's difficulty in tolerating the face mask. Because of the degree of encephalopathy observed in our patients mble 3), we did not evaluate the patient's camfort with NIPSV. Conversely, the patient's discomfort and face mask intolerance resulted in a failure of NIPSV in 2 patients (cases 4 and 9). In the report of M d u r i and mworkers,'O two patients were unable to participate in lfie study because of an inability to 6nd a mask that properly fit their facial contour, and one other patient was intubated because of an inability to tolerate the face mask. Brochard and coworked noted that improvement in the design of the initially used mask permitted an increase in tbe treatment periods from 3 to 6 h. Ln this report, skin lesions were also noted. Our experience and previous suggest that the facial mask could be more efficient in acute respiratory failures; however, Pennock arid coworkers" successhlIy used a nasal mask for noninvasive ventifation, in ARF fmm various causes. In this report, three patients failed to acrommdate to the nasal mask, resulting in endotracheal intubation in one. Instead of the type of the mask (nasal or facial), the number of failures due to a lack of accommodation to the mask in previous report^^^' and in our study sapport the need for a well-tolerated and a tighter fitted mask specially desiped for this noninvasive technique.
In one patient, the fdure of NIPSV resulted in emergency intubation, supporting the need for predicted parameters for the issue of this mode of ventilatory support, The radiologic score, Glaspw score, and encephalopathy score failed in a univariate analysis to detect patients successfully ventilated with NIPSV. Our results suggest that CB, retention (PaCOlr45 m m Hg) without major hypoxemia (P[A-a]0,52OQ mm Hg) was a predictor for the success of NIPSV. Respiratory dmmpensation occurring shortly after extubation in surgical patients with an easily reversible ARF (postextubation laryngeal dyspnea; bronchitis) may constitute an important and attractive indication for this type of ventilation. Further studies are required to confirm the usefulness of this noninvasive techniqne in term of mortality, morbidity, and stay in the ICU.
